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Yoshida (13) was among the first to report that
rabbits and rats lost their hair after they had
ingested the seeds and leaves of Leucoena glauca.
Similar loss of hair has also been seen in large
animals and in man (8). Although early experi-
ments with rats and mice failed to show a loss of
hair after the ingestion of these seeds Biekel and
Wibaut (2), Crounse et al. (4), and Kostermans
(8) have succeeded in attaining such epilation in
mice.
The substance in the seeds and leaves of
Leucaena glauca which inhibits hair growth is said
to be the amino acid "leucaenol," or "leucae-
nine"; (1, 4). The ingestion of isolated leucaenine
by rats (9) and mice (4) is said to have the same
effect as that of whole seeds of Leucaena glauca.
We have carried out several studies in this
laboratory on the effects of the seeds of Leucaena
glauca on the hair follicles of mice, in which hair
growth was scrupulously controlled. In this paper
we report the results that we have obtained in
three studies. The first two of these were pilot
investigations, and the third was the more defini-
tive. These studies will be described separately
since although the experimental design in each
was similar, the details were different.
We wish to thank Drs. Harvey Blank and
A. G. Matoltsy for first calling our attention
to Leucaena glauca, and for making the seeds
available to us. Much of the investigation re-
ported in the first and second experiments was
carried out by D. Wildebush in 1960 and N.
Henderson in 1961 as their honors' work at Brown
University.
1. First Experiment
MATERIALS AND METHODS
The club hairs on the back of 15057 Black males
were plucked to initiate activity in their follicles.
Ten days later, when the new hairs were visible
on the surface of the skin (anagen VI), the animals
were placed on a diet consisting of a mixture of
* From the Department of Biology, Brown
University, Providence 12, Rhode Island.
This work was supported by grants from the
United States Public Health Service RG-2125(C12),
and the Colgate-Palmolive Company.
Received for publication August 30, 1962.
ground mouse chow pellets to which had been
added ground seeds of Leucaena glauca. Five ani-
mals were fed a diet which consisted of 10% by
weight of the seeds, another 5 mice received a 15%
concentration, and the other 5 received 20%. All
animals were weighed every day. Biopsy specimens
of skin were removed from selected animals at in-
tervals of 1, 3, 7 and 10 days after the start of the
feeding of Leucaena glauca.
OBSERVATIONS
The animals whose diet consisted of 10%
Leucaena glauca remained healthy throughout the
17-day duration of the experiment. During this
time they lost about one gram of body weight
per mouse. The wounds from the biopsy speci-
mens healed within 12 or 15 days, or about as
readily as those in control animals. These animals
shed their hair 8 to 9 days after the initiation of
the experiment.
Those animals which ate a diet containing 15%
and 20% Leucaena gtauca became ill after 4 or
5 days. They lost from 4 to 8 grams of body
weight each over the period of 16 days. All grow-
ing hair was shed about 7 days after they were
placed on the experimental diet. The wounds from
the biopsy specimens remained open and inflamed
until the end of the experiment, at which time
the intestines of some of them were full of blood.
Although shedding of the hairs did not occur
until 7 to 9 days after the onset of the feeding
experiments, damage at a histological level was
found even in the first day. The three concentra-
tions of Letwaena glauca gave qualitatively similar
histological effects, but damage was more pro-
nounced in animals eating 20% Leucaena glauca.
On the first day after the beginning of the ex-
periment, there was a complete stoppage of
mitosis, and a degeneration of the cells of the
matrix proper up to the "critical level" of the
bulb. Some pigment had passed laterally from
the bulb into the inner and outer root sheaths
and the dermal papilla. From this point on to 7
days, degeneration in the bulb continued until
the entire part of the follicle below the bulge be-
came dissipated. The final stages appeared like
normal quiescent follicles, except that they con-
tained no club hair, and a trail of pigment in the
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dermis marked the path followed by the re-
treating follicles.
Some of these animals were not killed at the
end of the experiment, but were put back on a
normal diet. All these animals regained weight
and regrew hair on the naked skin 8 to 10 days
later.
2. Second Experiment
MATEEJALS AND METHODS
The club hairs from the back of 6 young 057
Black males were plucked as in tbe first experiment
to obtain controlled growth. After 10 days, the
animals were placed on a diet of ground chow
which contained 10% by weight ground Leuccena
glaucc seeds. After the start of the regimen, one
animal was killed for each of the following times:
12, 24, 48, 72 hours, and 7 and 10 days. Histological
preparations were made of the skin of each animal
and of control mice prepared in the same way ex-
cept that they were not fed Leucaena glauca.
OBSERVATIONS
After 12 hours on the diet of Leucaena glauca,
the only histological change was on the matrices
of the large (tylotrich) follicles, the cells of which
had fragmented, Feulgen-positive nuclei. The
smaller follicles remained largely unaffected al-
though some of the cells of their matrices showed
karyolysis and karyorrhexis.
After 24 and 48 hours there was an advance in
the degeneration of the matrix and of the upper
bulb. The pigment from the upper bulb had
spilled laterally into the dermis and into the
dermal papilla. These follicles appeared as if
pigment had exploded from the bulb into the sur-
rounding tissue. Many of the small follicles were
still relatively intact although their matrices
showed much nuclear damage.
After 6 to 7 days, all follicles, large and small,
were reduced to slender cords which still extended
deep into the dermis, with pigment-laden dermal
papilla still attached to their bases. Macrophages
around the cords of cells contained pigment.
After 10 days the follicles were still disoriented
cords that extended to about midway in the
dermis, and had not receded to a normal catagen
stage. These cords of cells were surrounded by
macrophages full of pigment. The sebaceous
glands showed no damage, and appeared as in
normal quiescent follicles.
3. Third Experiment
MATERIALS AND METHODS
A small transverse area on the backs of each of
the 24 young adult 057 Black males and females
was plucked at intervals of three days. When 10
days after the first plucking, 7 days after the sec-
ond, and 4 days after the last, the animals were
placed on the diet described below, the plucked
regions in each animal corresponded caudo-
cephalically to anagen III or IV, anagen V, and
anagen VI. The animals were fed pellets prepared
by mixing two parts of Leucaena glauca seeds and
8 parts of ground mouse chow pellets with just
enough distilled water to knead the pellets.
To study the damage induced, specimens of skin
were removed from each of the three areas of the
backs of selected animals at intervals of 2, 4, 6,
and 8 days.
Six hours before an animal was killed, it was in-jected intraperitoneally with 0.05 cc of 0.2%
colchicine, to block mitosis at metaphase.
All of the tissues were fixed in Helly's fluid and
embedded in paraffin. Seven micron sections were
stained with hematoxylin and eosin, toluidine blue,
the Feulgen, and the PAS technics.
OBSERVATIONS
There was in all cases a cessation of hair growth
and a regression and destruction of the growing
follicles as shown in figures 1 to 4, but no apparent
effect upon quiescent follicles.
The effects described here pertain only to hair
follicles in anagen V and VI, which are producing
a hair and an inner root sheath at maximum rate.
Follicles in the earlier stages of anagen, as those
in the region which was plucked last, were not
affected much by the seeds until they had ad-
vanced to late anagen IV. Skin with follicles in
anagen III, which had not yet begun to form a
hair, still showed some mitotic activity 2 and 4
days after the beginning of the regimen. These
follicles, however, had many cells in the outer
root sheath and in the bulb with fragmented
nuclei in the form of Feulgen-positive granules
and dust. There was, however, still some mitotic
activity, and damage to the follicle was not yet
acute. In contrast, during anagen V, and VI there
was no mitosis anywhere in the follicles, and
damage was severe.
After two days on the diet, all of those hair
follicles which were in anagcn V and VI were
twisted at the level of the keratogenous zone;
the bulbs were bent in different directions instead
of the normal anterior position (Fig. 2). Most of
the bulbs were pulled upward and none had a
FIG. 1. Section of skin of a normal, untreated animal in which the hair follicles are in anagen VI.
(hematoxylin and eosin stain)
FIG. 2. Section of the skin of a mouse, the hair follicles of which were in anagen VI when the animal
was placed on the diet of Leucaeaa glauca two days before. The bulb on the follicle on the left is shriveled,
there is no matrix left and the bulk of the bulb consist of melanocytes and cell debris. Compare the
total thickness of the skin as well as the size of the hair follicles with figure 1, which is of the same
magnification.
FJG. 3. These follicles were in anagen VI when the animal was placed on the diet of Leucaena glauca
4 days before. The follicles are largely degenerated; there is no bulb, and the elongated and dilated pilary
canal is full of debris which is heavily pigmented. (hematoxylin and eosin stain)
FIG. 4. The follicles in this specimen were in anagen VI at the time that the animal was placed on the
Leucaena glauca diet S days before. These follicles are essentially in telogen.
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matrix left. The space vacated by the matrix was
invaded by cells from the connective tissue
sheath, cell debris, and aggregates of pigment
granules. The melanocytes in the bulb actually
seemed to be larger than in normal follicles and
unchanged, but they were displaced throughout
the bulb, with great quantities of pigment spilled
in the surrounding tissue (Figs. 9, 10).
The dermal papilla, while still maintaining a
distinct ovoid shape, was often in an eccentric
position. Its cells, which contain elongated, hy-
perehromic nuclei, were stacked in rows.
Above the bulb, just below the keratogenous
zone, the entire follicle was so deeply constricted
that the bulb seemed to be pinched from the rest
of the follicle. The viable cells of the inner and
outer root sheaths migrated toward the center
above the constriction and caused a bulge in
the outer root sheath (Figs. 2, 9). The bulge was
more prominent in the large hair follicles than
in the small ones. Pigment granules were dis-
persed above and below the constriction.
After 6 days on the regimen, most of the hair
follicles had regressed to about one-third their
size when active. This was comparable to the end
of catagen. However, poorly formed epithelial
sacs contained coiled fragments of hair and
masses of pigment. The epithelial sac was com-
posed of two thin layers of compressed epithelial
cells which contained spindle-shaped nuclei. The
cells of the hair germ appeared piled up and com-
pressed tangentially. There was no glyeogen any-
where in the hair follicle.
After 8 days on the regimen, the epithelial sac
had moved up to the level of the pilary canal,
which was wide, furrowed, and empty (Fig. 4).
The sebaceous glands were always found below
the level of the epithelial sacs, in fact, they opened
at the base of the epithelial sacs. Pigment was
scattered throughout the hair germ, the dermal
papilla and the surrounding connective tissue.
Except for the abundant pigment and for the
absence of a club hair in the epithelial sac, the
follicles were in relatively normal telogen.
RECOVERY
When animals fed Leucaena glauca seeds for 4
days were put back on a normal diet, the hair
follicles began to grow back almost at once. After
8 days, they were back to normal anagen VI
(Figs. 5—8).
Two days after the animals were put back on
ordinary mouse chow, there was no mitosis in the
follicles, but the cells of the epithellal sac and
hair germ were bigger and rounder (Fig. 5). By
4 days the follicle has grown to anagen IT, and
by the eighth day they were in normal anagen VT
(Figs. 6, 7, 8). The only vestige of the damage
suffered previously was the residual melanin in
the connective tissue surrounding the follicles,
and now apparently engulfed by histiocytes.
EPIDERMI5
The skin from the treated animals, regardless
of the stage of the hair cycle, have a thin epi-
dermis with shrunken cells. The entire mal-
pighian layer was one or two cells thick, and the
cells showed great disparity in size and in arrange-
ment. The cells of the basal layer had variously
shaped, compact nuclei surrounded by a small
amount of cytoplasm (Figs. 13, 14). The few
prickle cells were usually spindle-shaped and their
nuclei were very pale. The stratum granulosum
was discontinuous and its cells contained few
keratohyalin granules.
Although some mitotie figures could be found
in the basal layer up to 4 days after the com-
mencement of treatment, there were none later.
When Leucaena glauca was discontinued from
the diet, the epidermis became gradually thicker,
and 6 days later it had completely recovered from
the damage (Fig. 12). The cells of the basal layer
were cuboidal or columnar and neatly arranged
side by side. The cells of the spinous layer had
round and plump nuclei, and their cytoplasm
stained homogeneously. The stratum granulosum
became two or more layers thick and its cells
were full of keratohyalin granules.
DI5CU55ION
The seeds of Leucaena glauca contain a bio-
logically active agent which inhibits hair growth.
The three concentrations of seeds which we have
used produce results which are qualitatively
similar, with 10% being just at the threshold of
effectiveness. At this concentration, many of the
smaller follicles remain relatively unaffected dur-
ing the first few days of feeding. This phenomenon
is similar to that which we have seen before in
this laboratory with feeding of thallium sulfate
(3). The larger, tylotrich follicles are more sensi-
tive to poisoning agents than the smaller ones are.
Even three days after eating a diet of 10%
Leucaena glauca, when the large follicles were
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All these figures are specimens of skin from mice which ingested Leucaena qicuca for 4 days, and
then were put back on a normal diet for the number of days indicated.
FIG. 5. This specimen of skin was removed two days after the animal was put back on a normal diet.
(hematoxylin and eosin stain)
FIG. 6. Skin from an animal 4 days after it was put back on a normal diet. The skin appears fully
recovered. (hematoxylin and eosin stain)
FIG. 7. Complete recovery in an animal which was put back on a normal diet for 6 days. The follicles
are now in late anagen IV. (hematoxylin and eosin stain)
FIG. S. Skin of an animal put back on a normal diet for S days. The skin is perfectly normal and the
hair follicles are mostly in late anagen VI. (hematoxylin and eosin stain)
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degenerating rapidly, the smaller follicles were
still relatively intact. We have, at present, no
explanation for this discrepancy. Leucaenine has
an effect only upon the lower part of the follicle.
Between 12 and 24 hours after the beginning of
its ingestion, the matrix of the bulb is completely
degenerated. In a quantitative study of the effect
of Leuceena glauca upon the mitotie activity of
hair follicles in mice, Shostak (11) has made some
pertinent observations. He found that the in-
Fios. 9—14
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gestion of these seeds had no effect upon hair
follicles during anagen I through IV. In late
anagen IV, the follicles began to degenerate and
the pattern of degeneration was identical with
that which occurred in anagen V and VI. The
author suggests that Leucaena glauca has no
effect upon any pathway of cellular differentiation
available to the cells of the hair follicles. He
strengthens this hypothesis by pointing out that,
in spite of the presence of substances in tissues
which later will precipitate degenerative changes,
follicles differentiate unconcernedly until they
reach late anagen IV. Flesch (7), on the other
hand, suggests that leucaenine may interfere
with keratinization by displacing the natural
amino acid alanine through competitive inhibi-
tion. We favor the hypothesis of Farinas (6) and
Shostak (11) that leucaenine inhibits mitosis in
the hair follicles, specifically in the matrix. These
effects are similar to those obtained with X-ir-
radiation and with chemical agents which are
known to he injurious to dividing cells (5, 10, 12).
The degenerative changes that we see in the
follicles actually constitute an abnormal, pro-
longed catagen. Whereas normal catagen in mice
is completed in three days, in our experimental
animals the process continues for as long as 10
days, before the follicles have attained a stage
similar to telogen.
The most spectacular aspect of the damage
induced by leucaenine is the spillage of pigment
early in the experiments. In normal follicles, as
catagen approaches, pigment production stops,
and the last segment of hair formed, including the
club, is pigmentless. Thus, when the visible proc-
esses of catagen take place, the melanocytes are
no longer functional. In our experiments, how-
ever, when the follicles begin to degenerate pre-
maturely, the melanocytes are still functional,
and as the matrix is damaged, cells no longer flow
upward, and the pigment produced in the upper
bulb, having no recipient cells, escapes outside
its normal bounds. The melanocytes then, seem
not to be affected at all by leucaenine. With the
removal of leucaenine from the food, the follicles
become active again and are normally pigmented.
When the noxious substance is no longer prës-
ent in the food, all damaged follicles begin to
regrow at once, and the growth period that ensues
is completely normal. It would seem that there
remains within these damaged follicles an impetus
to grow.
SUMMARY
1. We have studied the effects of the ingestion
of Leucaeua glauca on hair growth in mice. All
three concentrations used, 10%, 15%, and 20%,
resulted in gross damage to hair follicles which
were in anagen. A concentration of 10% was just
at the threshold of effectiveness. After ingesting
the seeds for 12 hours, the matrix cells of the hair
follicles were destroyed. Destruction continued
until 8 days, when the follicles attained a stage
similar to catagen.
2. In spite of the gross degeneration in the
follicles, the melanocytes seemed to remain func-
tional, with the result that pigment was spilled
all around the bulb.
3. During the ingestion of Leucaena glauca,
the epidermis became very thin and atrophic. it
returned to normal when the animals were placed
back on a normal diet.
Fio. 9. The bulb of a follicle when had been in anagen VI, two days after ingesting Leucaena. There
is no matrix left, most of the bulb has become degenerated and the majority of the intact cells left in
it are melanocytes. There is a typical constriction immediately above the remnants of the bulb. This
preparation was treated with the PAS technic; the remains of the outer root sheaths still contain
glycogen.FIG. 10. The remnants of a bulb of a follicle which had been in anagen VI, four days after the animal
had been ingesting Leucaena glauca. The bulb consists of cell debris and melanocytes. (hematoxylin
and eosin stain)
Fio. 11. The epidermis of a normal mouse whose follicles were in early telogen. The malpighian layer
is about two layers thick; the cell in the middle of the field is in anaphase. (hematoxylin and eosin
stain)FIG. 12. The epidermis of a mouse which had ingested Leucaena for 4 days and then put back on a
normal diet for 8 days. The malpighian layer is several cells thick. The epidermis is normal and vigorous.
(hematoxylin and eosin stain)
FIG. 13. The atrophic epidermis of a mouse which had been ingesting Leucaena for 4 days. (hematoxy-
lin and eosin stain)
FIG. 14. The epidermis of a mouse which had been ingesting Leucaena for 8 days. The malpighian
layer consists of one scanty layer of elongated cells. (hematoxylin and eosin stain)
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4. Leucaenine seems to be a mitotic inhibitor,
and may have damaging effects upon keratiniza-
tion, but has no effect upon melanogenesis.
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